solated cortical vein thrombosis (ICVT) is the thrombosis of 1 or more cerebral cortical veins without occlusion of the major dural venous sinuses or the deep cerebral veins. ICVT accounts for less than 1% of all cerebral infarctions and has only been reported in case reports and small patient series. 1, 5, 9, 24, 25, 29, 35, 47 ICVT has a good prognosis if diagnosed and treated early with anticoagulation therapy. 3, 5, 29, 39 Timely diagnosis of ICVT is critical due to the potential for permanent parenchymal damage, which occurs due to vasogenic edema from venous congestion, intraparenchymal hemorrhage (IPH), and venous infarction. 22 However, ICVT diagnosis remains challenging due to cortical vein anatomical variations, 27,42 a nonspecific clinical presentation, 20, 22, 29, 35, 40, 47 and the lack of a gold-standard imaging modality. 5, 24, 44 We present clinical and radiological findings from 7 patients with ICVT to aid clinicians in early and accurate diagnosis of ICVT.
results clinical presentation
Seven patients met the inclusion criteria (Table 1) . One patient was 11 months old (female) and the others ranged from 20 to 34 years old (4 females, 2 males; median age 25 years). Headaches (n = 4) and seizures (n = 3) were the most common presenting symptoms. The most common comorbidities were hypercoagulable state (n = 4) and intracranial hypotension (n = 3). Most patients (n = 5) received anticoagulation therapy and experienced resolution of symptoms.
radiological Findings
All 7 patients underwent conventional anatomical CT and MRI studies (Figs. 1-7 ). CT suggested ICVT in 4 patients, which was observed as either a hyperdense cord sign or dot sign on CT scans (Figs. 1B, 4B, and 6A).
MRI confirmed ICVT in all 7 cases. Specifically, SWI accurately identified ICVT in all 7 cases as an increased tubular susceptibility in the thrombosed cortical veins (Figs. 2D, 4C, 5A, and 7B); gradient-recalled echo (GRE) identified ICVT in 2 patients (Figs. 3D and 6E), and T1-weighted spoiled gradient recalled echo (SPGR) imaging identified ICVT in 3 cases (Figs. 3C and 7D).
CTA and/or CTV was performed in 2 patients and helped confirm the diagnosis of ICVT, presenting as nonopacification of the affected cortical vein (Figs. 1C, 1D , 6B, and 6C). MRV was performed in 6 patients and identified ICVT as lack of venous flow-related enhancement and/or filling defects (Figs. 2C and 4E).
Intraparenchymal hemorrhage (n = 2; Figs. 1B, 1C, 2A, 2B, 2D, and 7E) and hemorrhagic infarcts (n = 3; Figs. 4D, 5B, and 5D) were the most common types of parenchymal involvement. Two patients had associated subdural hemorrhages (SDHs). T2-weighted imaging and T2-weighted FLAIR were useful in identifying parenchymal edema (Figs. 2A and 7F) and venous congestion (Fig. 7G ) associated with ICVT in all cases with parenchymal involvement. Intracranial hypotension was visualized as subdural effusions ( Fig. 3A and 4A ) and diffuse pachymeningeal enhancement (Fig. 3B ).
discussion
ICVT is commonly misdiagnosed due to developmental anatomical variations of the cortical veins, nonspecific clinical presentation, and lack of a gold-standard imaging modality. In this paper we present a case series to high- light the clinical presentation and radiological findings of ICVT. The median age of our patients was 25 years. This is consistent with published data that places young adults (those < 40 years old) at the highest risk of ICVT. 23 An 11-month-old girl had an ICVT in our case series. This is the youngest case reported in the literature. The youngest ICVT cases reported previously occurred in two 14-yearold patients. 20, 43 There was a female predominance in this case series, which is also consistent with previously published data.
22,23
Patients with ICVT may present with a variety of symptoms, including focal or generalized seizures, headaches, hemiparesis, sensory disturbances, and other focal deficits, often without signs of elevated intracranial pressure. 9, 14, 15, 18, 22, 29, 30, 35, 47 Headaches and seizures were the most common clinical symptoms among the 7 patients in this case series, which is consistent with historical data. 20, 22, 29, 35, 47 Common risk factors for ICVT include: 1) a hypercoagulable state due to, for example, oral contraceptive use, postpartum status, or hematological malignancies; 2) head trauma; 3) intracranial hypotension; and 4) infections of the ear, nose, and throat. 20, 22, 29, 35, 40, 47 Five patients had a least 1 risk factor for ICVT; of these 5 patient, 3 had two risk factors for ICVT.
Three patients in this case series had intracranial hypotension as a result of CSF leakage from lumbar punctures performed for intrathecal chemotherapy administration or an intrapartum analgesic. Reduction in CSF decreases brain buoyancy and induces a downward shift of the brain, causing pachymeningeal inflammation and mechanical distortion of the cortical veins, which activates the endogenous blood coagulation pathway leading to thrombosis. 1, 2, 38, 48 Four patients were considered to be in a hypercoagulable state. One patient was using oral contraception, which increases risk for venous thrombosis through decreased function of the endogenous anticoagulation pathway. 4, 31, 41, 45 One patient was pregnant and 2 others had hematological malignancies, both conditions that are associated with a hypercoagulable state. 8, 11, 12, 19 In 2 patients no known risk factor was identified, which has been reported in as many as 25% of patients with ICVT. 22, 40 Five patients with ICVT had intraparenchymal involvement. The primary underlying mechanism is likely an increase in venous pressure due to ICVT, which causes edema and venous congestion, resulting in a hemorrhagic infarction. The increase in venous pressure also likely decreases arterial perfusion pressure, causing cell death. Both vasogenic and cytotoxic edema patterns may coexist. 22, 32, 36, 49 ICVT has been described as having a good prognosis if diagnosed early and anticoagulant therapy is initiated. 3, 5, 29, 39 Our experience supports this, with 5 patients in this case series experiencing resolution of symptoms after receiving anticoagulant therapy. In 2 patients, anticoagulation therapy was not administered due to concern over the potential exacerbation of severe SDHs.
Because clinical presentation is nonspecific, imaging studies play a critical role in ICVT diagnosis. It is important to note that while cerebral angiography was previ- ously the gold standard in diagnosing ICVT, it is no longer commonly performed due to availability, sensitivity, and the superior safety profile of CT, CTA/CTV, MRI, and MRV. 6, 7, 21, 35 Cerebral angiography is, however, still considered in cases in which the imaging results are inconclusive and when an endovascular procedure is being considered. In our case series, imaging findings on head CT suggested ICVT in 4 patients. Previously published reports show that head CT findings are often nonspecific and may appear normal in more than 30% of cases. 22 ICVT often presents on CT as IPH or edema and thus suspicion is warranted when such pathologies are observed without clear etiologies. 26, 46 CTA/CTV was performed in 2 patients, but ICVT was already diagnosed in both of these cases from CT scans and therefore the CTA/CTV added no new information regarding the diagnosis.
The American Heart Association and American Stroke Association recommend obtaining MRI and MRV in cases of suspected ICVT. 35 SWI was the most sensitive in diagnosing ICVT in our case series, which is consistent with previously published studies. 5, 13, 17, 35, 44 Susceptibility contrast arises in MRI from perturbations in the external magnetic field due to local variations in magnetic properties of biological tissue. 10 Most biological tissues are either diamagnetic or paramagnetic, depending on the atomic structure of the tissue, the number of paired or unpaired electrons, and the alterations in the electron orbits. 34, 37 SWI uses phase information to enhance contrast between tissues with different susceptibilities, 16 rendering it more sensitive than standard GRE. Blood and its breakdown products produce diamagnetic and paramagnetic effects, 28 which can be detected with great sensitivity using SWI, making it ideal for accurately identifying ICVT.
While MRV was obtained in 6 patients, ICVT was already diagnosed in all of these cases on MRI, and therefore the MRV added no new information regarding the ICVT diagnosis. A recent review also concluded that MRV results are neither objective nor definitive, and their role in ICVT diagnosis is either supportive or useless. 20 In this case series, MRV was most useful in confirming the patency of the venous sinuses and deep cerebral veins and determining recanalization of the ICVT at follow-up.
conclusions
With the increasing use of newer and improved imaging techniques, the prevalence of ICVT diagnosis has increased, raising suspicion that perhaps ICVT is more common than previously believed. 1, 5, 29, 33, 43 ICVT can cause irreversible intraparenchymal damage if not diagnosed early and treated promptly. This case series underscores the importance of obtaining proper imaging, namely SWI, in cases with clinical symptoms and risk factors suggestive of ICVT, and in cases with intraparenchymal hemorrhage, venous congestion, and/or venous infarction of unclear origin.
